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individuals (so-called grouped or proportions data)." More specifically, we have data that 
are grouped at the ZCTA level. Accordingly, an observation in OUT analytical dataset is a 
vector{N,,F,q,y}, i = 1, ..., N ,  where N, is the number of individuals living in ZCTA 

i, is the proportion of those individuals who are SR subscribers (so-called penetration 

rate), q. is the number of TR signals in ZCTA i, a n d x  is set of observable 

characteristics that affect satellite radio penetration.12 Specifically, we model the 
a g g t s g a t e p r o b a b i l i h i m s w S R  .penetriition~&afm~---~~~~-- 
signals, accounting for other relevant factors, as a grouped-data probit: 

- - -  r: = cD[g(l;,e) + BXJ + E, (1) 

where @[.]is the standard normal cumulative distribution,g(.) is a flexible 
parameterization of the number of terrestrial radio signals, eand/3 are parameters to be. 
estimated, and 

In our baseline specification, %consists of variables that we believe affect the demand 
for SR 

I >  
is an error term. 

Median income and median income squared. 

The percentage of people commuting by car. 

The percentage of people who live in urban areas. 
The interaction of the percentage commuting by car and the percentage living 
in urban areas. 

The percentage of females. 

The variable of interest in this analysis is the number of terrestrial radio signals, I;. We 

I 1  
At tbe individual level, tbe decision to subscribe to SR is a binary choice. PeaeePtioo rates at the group 

Satellite radio penetration is defined as number of = subscribers divided by total ZCTA 

level are derived from the aggregation of individual choices. 
I 1  

population. For the limited number of obscrvations for which the computed penetration rate exneds IW/., 
we sd the penenstion rate equal to IW/. for our cconom.sric analysis. Out of a total of 31,437 ZCTAs in 
our dataset, 
populations and thus will have relatively small impacts on results given the weighting schemc. Th rcsulk 
are robust to tbe exclusion of these obscrvations. 

ANALYSIS, 4' Edition (Prentice Hall, ZOOO), at 834-7. We uote thpt the log likelihood f u n c h ,  as shown 
on GreRle. p. 836, explicitly includes a weighting scheme such that obsavPCionr wirb largcr popdabm el 
the ZCTA level are given greater weight. Moimvcr, we note that the u8c of aggregated dnta indrrccs 
heteroscedasticity because the variance of the error term is a decreasing function of population. 

Gmcnlly g, mAs also tuve amdi 

I1 
For a discussion of this groupeddata probit specification, see William H. Greene, ECONOhtElTUC 
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use a flexible functional form for g( . )  to impose minimal constraints on the way in which 
the number of TR signals affects SR penetration. For our baseline specification, we 
choose a f i f t k l e g r e e  polynomial: 

Consistent with standard probability models, however, the estimated coefficients cannot 
be readily interpreted as the marginal effect of a particular variable on SR penetration. 

penetration, holding constant other factors (in this analysis, at their median values). 
Accordmgly, we focus on the predicted SR penetration rate: 

. ~~~~~~~ Ourprimary interest is the ~ effect ~~~~ of the number of T R t a l s  ~~~ on ...~ predicted SR . 

&T) = Wg(T,  8) + SF] (3) 

where 8 andb are parameters estimated using maximum likelihood and 
of right-hand side variables (other than TR signals) evaluated ai their median values.“ 
We present plots of predicted penetration rates against the number of TR signals. 

3. RESULTS FOR BASELINE SPECIFICATION 
Figure A2, which corresponds to Figure B2 in our FCC paper, plots the predicted SR 
penetration based on Equation (3).” As in Figure Al, there is a clear inverse relationship 
between SR penetration and the number of TR signals, which is considerably more 
pronounced in those areas that receive relatively few TR signals. We find that the 
availability of TR signals has a substantial effect on predicted SR penetration, holding 
constant other factors. Predicted SR penetration is -in those ZCTAs with zero 
TR signals and -with one TR signal; it -with six TR 
signals and -with nine TR signals. - 

is the vector 

4. ROBUSTNESS OF BASELINE SPECIFICATION 
We now examine whether the results obtained using our baseline. specification are 
sensitive to the inclusion of additional explanatory variables or to alternative functional 

I4 
Tables at the end of this Appendix contain detailed regression results for all ~ s l y w s  discussed here. 

For example, Table AZ contains detailed regrtssion results for tbe baseline specification that is displayed in 
Figure A2, Table A3 the results for the predicted penetration rates displayed in Figure A3, and so on. The 
results plotted here and presented in Table A2 differ from those of Figure B2 and Table B2 of our earlier 
FCC Report only because 
I5 
As noted above, predicted SR penetration is plotted holding all other variables constant at their median 

values. 

A3 
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f o m .  

a) ADDITIONAL EXPLANATORY VARIABLES 

We first examine the sensitivity of the results of our baseline specification to the 
inclusion of additional explanatoly variables." We add to the baseline specification 
variables measuring the following: 

Age composition by gender." 

Educational attainment." 
~ ~ ~ 

~~~ ~~~~~~~~~~~~~~~~~~~ ~~~ ~ 
~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~ ~ ~ ~ 

~~ ~~~~~ ~~ 

The percentage of people who commute more than 45 minutes but do not use 
public transportation, interacted with percentage of population who go to 
work by car." 

Based on the loe-likelihood function values W e d  in Table A3. the inclusion of the 

Figures A3 plots the predicted total penetration rate, setting the additional variables at 
their median values. Each figure also plots SR penetration as predicted by the 

16 As discussed in the boay of this report, Si& claim that ow d i m  analysis fails to control adequately 
for demographic heterogeneity. Sidak 3d Supplements1 at (30. 
17 As regressors, we use the percentage of population who fall in each of the following genMage 
categories: (1) males 0 to 15, (2) males 16 to 21; (3) males 22 to 39; (4) males 40 to 66; (5)  mala older 
than 66, (6) females 0 to 15; (7) f m l e s  16 to 21; (8) females 22 to 39; and (9) females 40 to 66. 
Therefore, the omitted category is females older than 66. 
18 As regressors, we use the percentage of population who have a: (1) graduate or professional degne; (2) a 
bachela's degree; (3) a high schwl degree, some college, or an associate's degree. Therefore, the omitted 
category is the percentage of populat~on with less than a high-school degree. 

In this specification, we drop the interaction of the percentage of people commuting by car md the 
percentage ofpeople who live in urban areas in favor of this interacted variahle. We continw to include 
the percentage of people who live in urban areas. 

As with standard probability models, the estimated coefficients of the groupoddat. pmbit 81e not 
marginal effects and cannot be compared directly across different specifications. We note that the 
additional variables generally do not alter the sign and significance of the explanatory variable used in the 
baseline specification. 

19 

W 

A6 



REDACTED 

FOR PUBLIC INSPECTION 

corresponding baseline specification. While the overall fit of the model improves, the 
relationships between SR penetration and number of TR signals remain very similar to 
those found using the baseline specification, which suggests that the basic empirical 
finding in the FCC paper is robust. 

b) FUNCTIONAL FORM 
In our baseline specification, we parameterized the effect of number of TR signals on SR 
penetration as a fifth degree polynomial. We ~~ have ~ ~~~~~ confirmed ~~ ~~~~~~~~~~~ that the ~~ ~~~~~~~~~~ finding of a 

~~ 

negative relationship between TR signals and SR penetration is not sensitive to this 
choice of functional form. In this section, we present results based on a still more 
flexible functional form that uses indicator variables rather than a polynomial. We 
created a series of indicator variables for each area with zero to 65 TR signals, using a 
single indicator (which is the omitted category) for those areas with greater than 65 
signals. Formally, we specify the functiong(.) in Equation (1) to be: 

where qL is an indicator variable that takes on value one if the number of TR signals in 
ZCTA is greater than k-0.5 and less than or equal to kM.5, and zero otherwise. Other 
regressors are the same as in the baseline specification. As before, the coefficients are. 
estimated using maximum likelihood.” Figure A4 plots the predicted value for total SR 
penetration using the variables in the baseline specification at their median values. The 
figure also plots the values predicted by the corresponding baseline (polynomial) 
specification. As can be seen, the results of the revised and benchmark specifications are 
very similar. 

e) ALTERNATIVES TO GROUPED-DATA PROBIT 

Finally, we examine whether the finding of a negative relationship between SR 
penetration and the number of TR signals is robust to our choice. of statistical 
specification and estimation technique. Frequently used alternatives are the groupeddata 
logit and linear probability models. The grouped-data logit specifies the penetration rate 
to be: 

- 
I: = =P[ g ~ ,  6 +a%]/{ 1 + exp[ g ( ~ ,  0) +ax]} +t ( 5 )  

While the linear probability model specifies it to be: 

21 
Comparing the log-likelihood values in Tables A2 and A4, we note that the use of a more flexible 

parameterization does not markedly improve the fit of the model. 
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- - -  
4 =g(q,e)+px,+&, (6) 

The grouped-data logit model is estimated using maximum likelihood, while the linear 
probability model is estimated using least squares. We have little hasis to prefer the 
grouped-data logit to the grouped-data probit, absent strong structural or distributional 
assumptions. On the other hand, we tend to prefer both of these statistical specifications 
to the linear probability model. In part, this is because the lmear probability model can 
predict probabilities that are outside of the unit interval. More importantly, estimates of 

heteroscedasticity that is common to linear probability models, we estimate the model 
using ZCTA population as weights. 

Figure A5 plots the predicted penetration rate for total penetration using the logit and 
linear probability models. Again, we have evaluated the variables at their median values. 
Our basic findings are robust to these alternative statistical specifications. 

~~~~~ .~~ 5e TTnear-pr-o~ability m o d e * . i n a l b e b i . ~ - ~ . i ~ n ~ n s . i s ~ ~ ~ ~ ~ ~ o ~ ~ a ~ ~ s ~ ~ ~  3m-waf.. ~~~ 

P See William C. H o m e  and Ronald L. Omaca, Results on the bias and inconrirrency ofordimry l w t  
squares for the linearpmbability model, ECONOMIC LETTERS, Volume 90, l s w  3, March 2006, Pp 321- 
321. 
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Table A I :  Summary Statistics 

Variable 

Satellite Radio= Penetration Rate 

Number of TR Signals 

Median Household Income 

% Go to Work by Car 

% Live in Urban Area 

1% Go to Work by Carl [% Commute 45 Minutes or More and do not Use Public Transpoltalion] 

% Female 

% Male Between Ages 0 and 15 

% Male Between Ages 16 and 21 

% Male Between Ages 22 and 39 

% Male Between Ages 40 and 66 

% Male Age 67 or Older 

% Female Between Ages 0 and 15 

% Female Between Ages 16 and 21 

% Female Between Ages 22 and 39 

% Female Between Ages 40 and 66 

%Have Graduate Degree 

% Have Bachelor Degree 

% HS Degree or Some College 

Mean i Median . 

15.6 i 
36.3 

40.6%1 

, :  

I l i g%/  
t i  

1710%/ 

, i  

! .  
515%: 

3.6%/ 

11.6%; 

16.8%! 

2.9%/ 

8.7%/ 

13.3 

16.2 

9.1% 

42.9% 

2.4% 

4.5% 

3.5% 

2.8% 

4.4% 

4.4% 

3.3% 

3.4% 

2.6% 

3.3% 

4.2% 

4.7% a 

9.1% 
j , 6.2%1 1 

46:0%/ 46.8%/ 
- 

I ii 
2 
2 P 

Source: Terrestrial M i 0  coverage and population data from BIA Research, ~nc. Data on XM and Sirius subsuiben as of 
data from U.S. Census Zoo0 State Geography Files. For technical documentation on mapping between Census Block, 
of Population and Houalng. Technical Documentation. Issued March 2WS.Demographsdata are from the US. 

ZIP code. ZCTA. and population 
Summary File 1, 2000 Census 



Table A2: Relationship Between Predicted SR Penetration Rate and N mber of TR Signals 
Baseline r 

TR Signals 

TR Signais"2 

TR SignalsA3 

TR Signals"4 

TR Signais"5 

income 

Income"2 

X Go to Work by Car 

.X Live in Urban Area 

["k Go to Work by Car] ["h Live in Urban Area] 

X Female 

Constant 

Observations 
Log-likelihood 

Notes: 
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Table A3: Relationship Between Predicted SR Penetration Rate and Number of TR Signals 
Additional Explanatory Variables Included 

Probit Model 
Baseline Spechkatiori 

TR Signals 

TR Signal+2 

TR Slgnrls"3 

TR Slgnalr'4 

TR SIgnalS"5 

Income 

Inmms*Z 

X Go to Wolll by Car 

X Live In Urban Area 

[*h Go to Work by Carl ' 1% Live In Urbn Area] 

X Female 

[X Go to Work by Carl * I% Commute 45 Minuter or Mom and do not 
Use Public TransporUtlon] 

X Mala Between Ages 0 8nd 15"' 

X Male Between Ages 10 and 21"' 

% Male Between ApM 22 and 39'" 

% Male Between Ages 40 and 66"1 

X Male Age 07 or 0ld.r"' 

X Female Between Apes 0 and 15'" 

% Female Between Ages 16 and 21"' 

K Female Between A p n  22 8nd 39"' 

X Female Between Ages 40 8nd 66"' 

Y. Have Graduate or Prohrrlonal Degree 

X Have Bachelor Dwne el 

X HS Degree or Some Colhg. ('I 

Conrtent 

0bSWVatiO"S 
Log-likelihood 

Probit Model: Additional 
ExDlanatory Variables 

Notes: 
Coeffcients are In bald, and t statiSW3 am in brackets: * slpnificant at 5 %  
Pmbit models estimated by meximum likelihood. 
(1) Omitted c a t w r y  is "% Female Age 67 or Older." 
(2) Omitted catesory is "% Have L e s s  than High School Deprre? 

Source: Sourcedata for Table Ai .  

signifcant at 1 %. Standard -16 dustered by Mig i t  ZCTAs. 
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Table A 4  Relalionship Behvnn Predicted SR Pmelnlian R.1. and Numhr of TR Signals 
Coverage Dummln Approach 

. ."I.. .I 

~ 
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Table A4: Reldionrhlp Between Predided SR Penelrdion Rale and Number of TR Sianah 
Coverage Dummies Approach 

I 

. - 



Table A5: Relationship Between Predicted SR Penetration Rate and h 
Logit & Linear Probability Models 

TR Signals 

TR SignalsA2 

TR Signals*J 

TR Signals"4 

TR Signals5 

Income 

Income"2 

% Go to Work by Car 

X Live in Urban Area 

pk Go to Work by Car] * 

% Female 

Constant 

pbsetyations 
Log4 keli hood 

Live in Urban Area] 

Probit Model 1 

Coefficients are in bold, and t statistics are in brackets; * significant at 5%: ** significant at 1%. Standard errors c 
Probit and logit models estimated by maximum likelihood. Linear probabiliy models estimated by population wei! 

Source: Source data for Table A1 

nber of TR Signals 

Linear Model 

!red by 3-digit ZCTAs 
d least squares. 
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~ ~ ~~~~~~~~~~ ~ .~ ~ ~ ~ ~ ~ . ~~~~ ~~~~~~ . .~~.  . ~ .  ~~~ ~~~~~~~~ ~ 
~~ ~ 
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Technical Analysis of Sidak's Advertising Model 

Serge X. Moresi 
Lorenzo Coppi 

~ CRA International ~-~ - 

Steven C Salop 

Professor of Economics and Law, Georgetown University Law Center 
Senior Consultant, CRA International 

1. INTRODUCTION 

As explained in Section IV of this report, Sidak's advertising welfare analysis is based on three 
unreasonable assumptions. First, Sidak assumes that the maged fm migbt increase advertising 
drastically (e.g., quintupling of the number of commercials). Second, Sidak assumes that a very 
large fraction (e.g., half) of the value consumen place on satellite radio results from it being 
commercial-free. Third, Sidak assumes that the merged fm would increase advertising without 
also reducing the subscription price. Based on these three assumptions, Sidak's model derives 
the result that an increase in the number of commercials would lead to a reduction in the number 
of subscribers and a reduction in consumer welfare. 

In Section IV of this repofi, we explained why Sidak's fmt two assumptions are unreasonable in 
light of the facts. In this Appendix, we show that Sidak's assumption of a constant subscription 
price is inconsistent with profit-maximizing bchaviour. More precisely, we show that a profit- 
maximizing firm would reduce the subscription price following an increase in the number of 
commercials. As a result of the lower profit-maximizing price. we find that the quantity of 
subscriptions would rise, not fall. We also find that consumer welfare would rise, not fall, due to 
the lower price and increased quantity of subscriptions. 

Sidak's assumption that the subscription price would remain constant is analytically incorrect. 
As we explained in our initial report, an increase in per subscriber advertising revenue would 
lead a profit-maximizing firm to reduce the subscription price in der to attract more 

B1 
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I 
subscribers. Sidak ignores this very important implication of his own model. In addition, in 
Sidak’s model, an increase in the number of commercials would make demand for satellite radio 
more elastic, which would give the fm an additional profit incentive to reduce the subscription 
price. In Sidak’s model a profit-maximizing fm would reduce the price sufficiently to increase 
the number of subscribers. These changes in turn would lead to an increase in consumer welfare. 

This Appendix has three sections. First, it describes the model set out in Sidak’s submissions.’ 
Second, it demonstrates &at an increase inrkenumeeF of wmmercials would;lea8 a profit- ~ 

maximizing fm to reduce its subscription price and increase the number of subscribers. Third, 
it shows that the reduction in the profit-maximizing subscription price and increase in the 
number of subscribers are sufficiently large to lead to an increase in consumer welfare, despite 
the increase in the number of commercials. 

~~~ ~ ~ ~ ~ 

2. SIDAK’S FORMAL MODEL 

Sidak assumes that the demand for satellite radio has the following form: 

Intuitively, if there are no commercials (is., t = 0). then the relationship between the 
subscription price ( P ) and the number of subscribers ( Q  ) reduces to P = u - bQ , where I( 
denotes the “‘choke price” (Le., the price at which demand would fall to m) and ulb  is the 
“saturation point” (is.. the number of consumers who would subscribe if the service was frce). 
If instead the number of commercials was the same as on terrestrial radio (it.., r = T), then 
Equation (1) would imply P = (u - bQ)(l - v)  , and thus the subscription price (P) would have 
to fall by a fraction v for the same number ( Q  ) of consumers to continue to subscribe. In other 
words, the parameter v can be interpreted as the share of the value of satellite radio that 
consumers attribute to the commercial-free nature of satellite radio. 

I 
This is a standard result in two-sided markets where there an two nvenue sbepms. The inrreaSe in ancillary 

advertising revenues has exactly the same effect as a reduction in variable costs. Of course. here the demand curvc 
also shifts down. See CRA FCC Report at p150. 
2 

S i n k  refers to a formal model in at least three submissions: Sidak Supplemental at T143-46, Sidak 3rd 
Supplemental a1 m0-76, and Sidak-Singa 10-8-2007 Ex Parte Letter. Although Sidak does not fully describe his 
model, those references and the results reported in Figure 2 of Sidak 3rd Supplemental are consistcnc with thc fml 
model described in this Appendix. 
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REDACTED 

FOR PUBLIC INSPECTION 

Sidak assumes that the saturation point of satellite radio does not depend on the number of 
commercials. Therefore, an increase in the number of commercials reduces demand by pivoting 
it around the horizontal intercept, as illustrated in Figure B1. 

Figure B1: Sidak’s model 

~ . ~~~~ .. + 
Demand when t = 0 

Demand when 1 > 0 

Q’ e“ u/b Q 

Sidak assumes that satellite radio faces zero marginal costs and considers a benchmark case with 
no commercials (i.e.. t = 0). a subscription price of $12.99 (i.c.. Po = 12.99) and 17 million 
subscribers (i.e.. Qo = 17 ). He assumes that terrestrial radio listeners must ‘‘endure.’’ 9.42 
minutes of commercials per hour of listening (i.e.,T = 9.42) and Considers three different 
scenarios with respect to the amount of advertising that satellite radio listeners would have to 
endure post-merger (it., t = 1,  t = 3, and t = 5 ). For each of these three sce.narios, demand 
pivots around the horizontal intercept as illustrated in Figure B1.I Thus, the horizontal interoept 

3 

4 

3 

maximization implies Po = u I 2  and Q‘ = II I2b .  This allows us to delemine the values of the parametas u 
and b.  ThaI is. u = 25.98 and b = l S ~ / 1 7  E 0.76. 

See Sidak Supplemental a1 144 and Sidak 3d Supplemental at VI-73. Under those. assumpti0w profit 

See Sidak Supplemental at y13 and Figure 2 in Sidak 3‘ SupplemmU. 

A larger amount of advertising implies ha1 the new demand cum is l ow.  
5 
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REDACTED 

FOR PUBLIC INSPECTION 

does not change but the vertical mtercept is lower when the amount of advertising is higher. 
Specifically, the vertical intercept equals (1 - V ~ U ,  where v' = vt IT .6 As explained above, v is 
the fraction of the value of satellite radio that consumers attribute to the fact that satellite radio is 
commercial-free. Thus, if satellite radio were to air the same amount of commercials as 
terrestrial radio (Le., if 1 = T), then the value of satellite radio would decrease by a fraction v . If 
instead satellite radio were to air one-half of the amount of commercials aired by terrestrial radio 
(i.e., t = T / 2 ) ,  then the value of satellite radio would decrease by a fraction v / 2  (is., 
v' = v / 2  ). Thus. v' is the percentage reduction in value caused by an increase in the amount of 
advertising: the magnitude of v' depends on the amount t of additional commercials and on the 
magnitude of the preference parameter v . Sidak considers three different scenarios for the 
magnitude of v (Le., v = 10%. v = 30%. and v = 50% ).' 

Sidak analyzes the effects of increasing advertising under the unrealistic assumption that the 
subscription price would remain constant at P = P o .  As shown in Figure B1, under this 
unrealistic assumption, the number of subscribers would decrease from Qo to Q' . This in turn 
would cause a reduction in consumer welfare equal to Area B in Figure Bl.* 

In the next section, we will show that Sidak's model implies that a pmfit-maximizing firm would 
reduce the subscription price following an increase in the amount of commmials. As a nsd t ,  
and in sharp contrast with Sidak's results, the number of subscribers would increase. In addition, 
consumer welfare would increase in the scenarios where the f m  would fmd it profitable to 
increase the amount of commercials. 

9 

3. THE. IPICENTIVE TO REDUCE THE SUBSCRIPTION PRICE AND INCREASE 
THE N W E R  OF SUBSCRIBERS 

6 The actual fonn of V' is not reported explicitly in Sidak's declarations, but it is consistent with Sidak's results as 
reported in Sidak Supplemental at and in Sidak 3a Supplemental at l72 and Few 2. 
7 

A larger value of v implies a larger reduction in demand following an inrrease in advcrtising. 

Initially. consumer welfare corresponds to che sum of Area A and Area B. Afta che increase in ule numba of 
8 

commercials (and holding the subscription price conslant), consumfa welfare c o m p n d S  to Ama A. Thus, in 
Sidak's model. the reduction in consumer welfare due to an increase in advcrtising is equal to Area 8. (S i&  
estimates the reduction in consumer welfare using M approximation of Arca B. His appmximation leads to an 
overstatement of the achd area.) 
9 

Some of Sidak's scenarios assume a n u m b  of commercials that would lead to l o w  profits than having M 
commials .  Such unprofitable scenarios are irrelevanL 
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